will miss a significant number of patients with a difficult airway. (Key words: Anesthetic techniques; laryngoscopy; oropharyngeal classification.)
MANAGEMENT of anesthesia for the patient with acromegaly requires careful attention to changes in the upper airway. Several case reports have documented the airway difficulties associated with acromegaly'-' and recommended specific management, ranging from awake fiberoptic intubation to routine tracheostomy in selected patients.*-" However, there are only few data available regarding the incidence of difficult intubation in acromegalic patients. Two published retrospective series documented an incidence of 12 and 30 per 100 patients, respect i~e l y , '~~ but neither reported clinical signs for estimating the likelihood of difficult intubation in these patients.
Among many criteria tested as potential predictors for difficult intubation, three simple and easy-to-perform examinations-the modified Mallampati classification, measurement of the thyromental distance, and head and neck movement-have proven to predict a difficult airway with an acceptable accuracy.'-'' We hypothesized that using these tests to assess typical acromegalic airway alterations such as enlargement of the tongue, hypertrophy of soft tissue, and mandibular prognathism may help to identify acromegalic patients at risk of a difficult airway. Therefore, we undertook this prospective study to ascertain the incidence of difficult laryngoscopy and intubation and to assess the usefulness of easy-to-perform preoperative tests. 
Methods

Patients
Study Protocol
Preoperative evaluation was performed in all patients using the following protocol. First, a modified Mallampati classification12 was conducted in the sitting patient with the head in a neutral position without phonation. The view was graded as follows: class 1 = soft palate, fauces, uvula, and pillars visible; class I1 = soft palate, fauces, and uvula visible; class I11 = soft palate and base of the uvula visible; class IV = soft palate not visible at all. Second, the thyromental distance was measured with a ruler with the head fully extended and the mouth closed as straight distance between the thyroid notch and the bony point of the chin. The distance was rounded to the nearest 0.5 cm. Third, head and neck movement (full extension to full flexion) was estimated by visual assessment as described by Wilson et al. l1 and categorized as being > 90" ? 10" and < SO". Finally, we questioned the patient for a history of difficult intubation and sleep apnea. Pretreatment with a long-acting somatostatin analog (octreotide acetate; Novartis Pharma, Nuremberg, Germany) was also documented.
All patients except those with sleep apnea were premedicated with a benzodiazepine (dikaliumclorazepat 0.2 mg/kg) in the evening and in the morning. Acromegalic patients with sleep apnea received no premedication. All patients underwent standard monitoring, including pulse oximetry (Sp,z), electrocardiogram, capnography, neuromuscular blockage, and noninvasive blood pressure. They were anesthetized according to a standardized regimen. After sufficient preoxygenation (SpOz of 100% for at least 2 min) and pretreatment with a subparalyzing dose of atracurium, anesthesia was induced with propofol (1.5-2 mgkg), sufentanil (10-20 pg), and succinylcholine (1.5 mg/kg). For mask ventilation, the patient's head position was optimized and, if necessary, an oropharyngeal airway was used. Between intubation attempts, SpO2 was not allowed to decrease to less than 90%. Difficult mask ventilation was defined as the inability to record a regular carbon dioxide waveform.
After loss of all four twitches from the train-of-four obtained by ulnar nerve stimulation at the wrist, initial laryngoscopy was performed using an appropriate Macintosh laryngoscope blade (size 3-5, Fa. Rusch, Kernen, Germany). Laryngeal view was assessed under optimal conditions (appropriate blade size, optimal head and neck position) and classified according to the method of Cormack and Lehane. l 3 External laryngeal pressure was applied by an assistant under instruction of the laryngoscopist in all patients with laryngeal view grades I11 and IV. If required a gum-elastic bougie was used. Intubation was defined as difficult with the following criteria: more than two attempts, change of blade, and use of a gum-elastic bougie. Preoperative airway assessment as well as tracheal intubation with laryngeal view grading were performed by one anesthetist (H.S.).
Statistical Analysis
Demographic data are reported as mean values with SD and range. Serum growth hormone levels were described using median and interquartile range. Laryngoscopic grades 111 and IV were defined as difficult. The two-tailed unpaired t test was used for comparison of unpaired samples with normally distributed data (age, weight, height, body mass index, thyromental distance) and homogenous variances. The Mann-Whitney U test was used for comparison of unpaired samples without assumption of normally distributed data (serum growth hormone). The association of individual airway assessments with laryngeal view was evaluated using the Fisher exact test. Two-tailed P values 5 0.05 were considered significant. Predictors of difficult laryngoscopy were evaluated by calculating their sensitivity, specificity, positive predictive value, and negative predictive value. The relative risk for difficult laryngoscopy was calculated by two-by-two tables.
Results
The study group consisted of 60 men and 68 women with a mean 5 Comparison of several potential risk factors between these two groups yielded statistical signtficance for the concentration of growth hormone and Mallampati classes. Table 2 shows the distribution of Mallampati classes.
We defined the Mallampati classes 3 and 4 as predictors of difficult laryngoscopy. We found a significant association between Mallampati classes and difficult visualization of laryngeal structures (Fisher exact test, P = 0.001). The specificity and sensitivity of Mallampati class 3 and 4 together for predicting difficult laryngoscopy were 76% and 44%, respectively, positive predictive value was 32%, and negative predictive value was 84%.
The presence of Mallampati classes 3 and 4 was found to Table 3 shows the distribution of head and neck mobility. Impaired neck extension (< SO") was not significantly related to difficult laryngoscopy (P = 0.37, Fisher exact test;post hoc power = 16%; case number required for a power of SO%, n = 772). The thyromental distance was not significantly different between patients with and without difficult laryngoscopy (P = 0.12, two-sided unpaired t test; table 1).
Difficult laryngoscopy was neither signrfcantly related to somatostatin-analog pretreatment (n = 33; P = 0.25, Fisher exact test), nor to a history of difficult intubation (n = 1). Three patients had a history of sleep apnea evaluated by polysomnography. Of these, two presented a laryngoscopic view grade In and one a difficult intubation. All patients could be extubated after completion of surgery. Five patients (all in the difficult laryngoscopy group) complained about a sore throat the day after surgery. 
Discussion
Incidence of D@cult Intubation
The incidence of difficult intubation (10%) in our study (defined by more than two attempts, blade change, use of gum-elastic bougie) is as high as reported by Messick did not exactly define the term "difficult intubation." Second, in our study, intubation was performed by only one anesthetist. Third, patients from studies in the past may have suffered from more severe acromegaly and may therefore have had a more difficult airway. Nevertheless, our results confirm the previous reported and clinically known high incidence of difficult intubation in acromegalic patients. Compared with published rates of difficult intubation of approximately 2-5% in large nonacromegalic populations, 14,15 the incidence in acromegalics is approximately four to five times higher.
In addition to difficult intubation, we found a high incidence (26%) of initial grade III view of the laryngeal structures with an inadequate exposure of the glottis. This incidence exceeds markedly the highest reported and welldocumented rate of grades III and IV laryngoscopies in nonacromegalic patients (approximately 6%).'* our rate of initial difficult laryngoscopies is consistent with a recent report by Hakala et al.," who found difficulties in seeing the vocal cords using a Macintosh laryngoscope in 5 of 15 acromegalic patients. In our patients, the known maneuver of application of external laryngeal p r e~s u r e~l~'~,~~ decreased the rate of grade III to grade I1 laryngoscopies from 26% to 10% and also confirmed the benefit of this manipulation in acromegalic patients.
Prediction of Difficult Intubation
The second main aim of our study was the evaluation of several clinical criteria such as the Mallampati classes, thyromental distance, and head and neck movement, all potentially helpful in predicting difficult intubation in nonacromegalic patients. In context with data from nonacromegalic patients, we found Mallampati classes 3 and 4 to be of significant value in predicting difficult laryngoscopy in acromegalic patients. The prevalence of 10% of the Mallampati class 4 alone and of 61% of Mallampati classes 3 and 4 together exceed by far the highest reported rates for nonacromegalic patients.'"0214 These results are not unexpected because a large tongue, a typical acromegalic feature, is directly assessed by the Mallampati classification. For Mallampati classes 3 and 4 together, we found a specificity, sensitivity, and positive predictive value corresponding to published nonacromegalic data.'x'03'4,'" In contrast to these published data, we found a lower negative predictive value (approximately 80%) in acromegalic patients. This is clinically relevant, because it means that 20% of acromegalic patients assessed by the Mallampati classification as easy to intubate actually will have a difficult laryngoscopy. However, there is an important limitation in generalizing these results: The fact that the same investigator evaluated the Mallampati class and laryngoscopic view may have introduced a bias.
The rate of 5% of markedly reduced neck mobility is higher than in nonacromegalic patients. l 1 Although this test gained no significance in our study, the low frequency of patients with impaired neck mobility does not permit concluding judgment of the validity of this test in acromegalics.
We did not find a relationship between difficult laryngoscopy or difficult intubation and thyromental distance in acromegalic patients. The large thyromental distance due to prognathism with a mean of 9 cm in our patients clearly exceeds the values reported for nonacromegalic patients." Therefore, we assume this test introduced to recognize retrognathism may be not appropriate in acromegalic patients.
Interestingly, patients in the difficult laryngoscopy group had a lower growth hormone level than the patients in the "easy" group. It is known that the growth hormone levels are not related to the degree of acromegalic symptoms2'; therefore, the validity of hormone levels in predicting a difficult airway remains unclear. In addition, no conclusion can be made regarding octreotide pretreatment and difficult laryngoscopy from our study because only one third of our patients were pretreated. However, there are data published that indicate octreotide treatment relieves patients of acromegalic symptoms2' A possible association between sleep apnea and difficult intubation was recently found by Hiremath et al. 22 but cannot be derived from our results because we did not systemically investigate our patients for sleep apnea.
In smary, this study indicates that the incidence Of 
